Introduction
In recent years, with the advent of globalization, serious crimes have rapidly increased not only in Japan, but also in other countries. For swift resolution of these incidents, it is very important to narrow down the possible nationalities of persons or cadavers from blood or body ‰uid stains left at the scene. Studies on racial identiˆcation have made use of various methods, such as blood antigen 1 2) , the pigmentation of hair or skin 3 4) , the drug metabolic enzyme 5) , mitochondrial DNA 6) and the morphological characteristics of the skull or teeth 7 8) . Nevertheless, these markers have been of little use in elucidating the nationality of victims, which of course does not necessarily correspond to the location of the incident in question.
Recently, several researchers have reported that JC virus (JCV) can serve as a means of tracing human migration 9 13) , and also that JCV genotyping oŠers a new means of tracing the origin of unidentiˆed cadavers 14) . Although JCV is the proven pathogen of the fatal demyelinating disease known as progressive multifocal leukoencephalopathy (PML) 15) , i t asymptomatically infects most people during childhood 16 17) . In adults, JCV propagates in the kidneys and its progeny is excreted in urine 18 19) , from which JCV DNA can readily be recovered. The primary mode of transmission of JCV is from parents to children through long cohabitation. JCV DNA can classiˆed into at least 12 genotypes (EU, B1 c, Af1, Af2, Af3, B1  a, B1 b, B1 d, B2, CY, SC, MY) that occupy distinct domains in diŠerent parts of the world 9),11) . Although more than 30 ml urine is usually used to extract the JCV DNA, JCV genotyping might be useful in criminal investigations if JCV DNA can be extracted from a smaller amount of urine or from a urine stain.
In the present study, we examined whether an intergenic (IG) region of the JCV genome usually used for the identiˆcation of JCV genotypes can e‹ciently be ampliˆed by polymerase chain reaction (PCR) from a small amount of urine or urine stain, and whether the genotype can then be determined using the ampliˆed IG region.
Materials and Methods

Urine and urine stain samples
Eighty-two Japanese urine samples were collected from various regions of Japan. The native places of donors were all known, and the age of donors ranged from 20 to 60 years, averaging 38.6 years. To prepare urine stain samples, 100 ml of various urine samples was spotted onto a cotton cloth as soon as the sample was obtained and the cloths were stored at room temperature for 3 months.
Institutional review board (IRB) of National Research Institute of Police Science approved the study, and the informed consent was obtained from all participants. 2 DNA extraction from urine and urine stain samples DNA extraction from 200 ml of urine samples was performed primarily as described by Kitamura et al. 18) ; additionally, some DNA extraction was conducted using a QIAamp DNA Minikit (Qiagen, Hilden, Germany) 20) . The spotted clothes were cut into small pieces, and 2 ml 0.5 SDS solution and 150 ml Proteinase K were directly added to them following the method described by Kitamura et al. 18) .
Ampliˆcation of the IG region
Ampliˆcation of the 610 bp IG region which encompasses the 3′ -terminal regions of both T antigen and the VP1 genes was performed using primers P1 and P2 as described by Kunitake et al. 21) .
Restriction fragment length polymorphism (RFLP)
RFLP analysis was performed using 4 restriction enzymes (DdeI, Hinf I, NlaIII and PvuII) as described by Kitamura et al. 22) . JCV genotype discrimination according to the RFLP analysis of IG fragments is shown in Fig. 1 9) ,11) .
Sequencing
The PCR-ampliˆed fragments were cloned into pBluescript II SK(＋) (Stratagene, La Jolla, CA, USA) as described by Kitamura et al. 22) . Recombinant plasmids were sequenced using an ABI 3700 autosequencer (PerkinElmer, Foster City, CA, USA).
Phylogenetic analysis
Neighbor-joining (NJ) phylogenetic trees 23) were constructed using the CLUSTAL W program 24) , and a phylogenetic tree was visualized using the TREEVIEW 1.4 program 25) . The bootstrap test was applied to estimate the conˆdence of the branching patterns of the NJ tree 26) .
Statistical analysis
The correlation between JCV-Positive rate and age was examined using Spearman's 
Results
1 Ampliˆcation of JCV DNA extracted from 200 ml of 82 urine samples 200 ml of each urine sample was used for ampliˆcation of the 610 bp IG region, and 45 of 82 samples (54.9) were successfully ampliˆed. The relationship between the JCV-positive rate and the age of the donor is shown in Table 1 .
RFLP analysis of ampliˆed IG fragments
The genotypes of the 45 ampliˆed IG fragments were examined using RFLP analysis created by 4 restriction enzymes (Fig. 1) . This analysis identiˆed two JCV genotypes (X: 25 samples, MY: 13 samples). Although the majority of Japanese JCV showing pattern X is regarded as CY 10) , we tried to conˆrm whether the X genotype was CY or others by the sequencing. The result showed that all the X genotype was CY. The remaining 7 samples showed no clear genotype.
3 Ampliˆcation of JCV DNA extracted from urine stain samples and their genotypes We next examined 16 urine stain samples which had been prepared 3 months prior to testing using the JCV-positive urine samples. In 11 of 16 urine stains (68.8), JCV DNA was detected. The IG sequences of 11 JCV isolates were then determined. In these IG sequences, 18 of the sites numbered by Frisque et al. 27) showed nucleotide variations (Fig. 2) , and the sites indicated by Gothic numbers show representative nucleotides as CY or MY. Furthermore, the NJ phylogenetic tree was constructed to classify the detected JCV isolates into distinct genotypes (Fig. 3) .
Discussion
With the globalization and diversiˆcation of crime, a swift method of narrowing down the possible identities and nationalities of unidentiˆed victims or oŠenders is a very important tool for criminal investigation. Although it is possible to screen people related to a crime through conventional methods of investigation, new analytical methods using human biological specimens are being developed for more e‹cient investigation. The results of the present study may aid in applying such new methods to criminal investigation. Recently, a number of researchers have reported that JCV can serve as a means not only of tracing human migration 9 13) , but also of identifying the origin of unidentiˆed cadavers 14) . JCV is ubiquitous in the human population, infecting children asymptomatically and then persisting in renal tissue throughout life 16 17) . In most adults, the virus propagates in renal tissue and its progeny is excreted in urine 19 20) . JCV strains throughout sequences. An NJ phylogenetic tree was constructed from the 610 bp IG sequences using the CLUSTAL W program 24) , and the phylogenetic tree was visualized using the TREEVIEW 1.4 program 25) . the world can usually be classiˆed into 12 genotypes, with each genotype occupying a unique geographical domain; this suggests that the evolution of JCV occurs in association with that of human populations 9),11) .
In previous reports, JCV DNA extraction was performed using more than 30 ml urine or a 10×10×2 mm slice excised from three diŠerent medullary regions of each of the bilateral kidneys 9), 14) . In the present study, however, we examined whether an IG region of the JCV genome, that is, the region usually used for the identiˆcation of JCV genotypes, can e‹ciently be ampliˆed by PCR from a small amount of urine or urine stain. Eighty-two urine samples were collected throughout Japan. To identify JCV-positive urine, weˆrst attempted to amplify JCV DNA from 200 ml of each urine sample because we had conˆrmed PCR ampliˆcation of all the virus genome extracted from 50 100 ml of JCV-positive urine (n＝4). In 45 of 82 urine samples (54.9), JCV DNA was successfully ampliˆed. The detection rate in participants in their 20 s was 36.4, and that in older participants was greater than 50 ( Table 1) . We examined the correlation between JCVpositive rate and age by statistical analysis because it has been known that the detection rate increases with age. The result showed that Spearman's correlation coe‹cient by rank test did not have the statistically signiˆcant diŠerence between them. We suggest that this is caused by a small number of samples. Chi-Square test, however, showed that the detection rate of participants in 30 s and more was signiˆcantly high as compared with that of 20 s. This supports a previous report that the detection rates in individuals aged 40 years or more is greater than 50 in most human populations 28) . Furthermore, the genotypes of 45 IG fragments ampliˆed from urine samples were examined by RFLP analysis and 2 genotypes (X and MY) were identiˆed. Generally, JCV DNA can be classiˆed into 8 genotypes by RFLP analysis of the IG region (Fig. 1) and the X genotype includes B1 b, B1 c, B1 d, B2 and CY. The majority of Japanese JCV showing pattern X is regarded as CY by the sequencing 10) . In the present study, all the X genotype determined by RFLP analysis also was CY by our sequencing. It is possible that the genotypes of 7 samples were unclear due to trace amounts of PCR ampliˆcation. Nevertheless, our results indicate JCV DNA can successfully be detected using only a small amount of urine. In order to conˆrm the possibility of ampliˆcation of JCV DNA extracted from urine stains, we examined 16 urine stains which had been prepared 3 months prior to testing using 100 ml of JCVpositive urine. In this case, 11 of 16 urine stains samples were successfully ampliˆed (68.8), indicating that the method for JCV DNA extraction from urine stains remains to be improved. We identiˆed the IG sequences of 11 JCV isolates. The nucleotide variations between them are shown in Fig. 2 . The construction of a phylogenetic tree from the IG sequences using the NJ method completed the identiˆcation of the genotypes (Fig. 3) .
In the present study, we found that JCV genotypes can be determined using a small amount of urine or urine stain. JCV genotyping may thus be a highly useful method of identifying the origin of people involved in criminal incidents from urine stains left at the scene. The detection of JCV in blood or bloodstains remains to be examined.
